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VAIllATlON or FAN TOKE STEADINESS FOR SEVEMl. INFLOW CONDITIONS 


by J. R. lAloabln 

Natior«‘. ■ tronautlct «r.d Spaca Adalniatratlon 
Lawla Raaaarch Cantar 
Clavaland. Ohio 4411S 


Abatrac t 

An aaplltuda probability danalty (unction 
analyala taehnlqua (or quantKylng tha dagraa o( 

(an nolaa tona ataadlnara hat baan appllad to data 
(roa a (an taatad undar a varlaty o( ln(low condl- 
tlona. Tha taat condlt'.oi.a includad typical ttatlc 
operation. Indow control by a honaycoab/acraan da- 
vlca and (orvard velocity In a wind tunnel alaulat- 
Ing (light. Tha ratio o( naan aquara alnuaoidal* 
to-randon algnal content In tha (undaaantal and 
aacond hamonle tonea waa (ound to vary by aora 
than an ordar-o(*aagnltuda. Soaa Inpllcatlona o( 
thaaa reaulta concerning tha natura o( (an nolaa 
generation nachanlaaa are dlacuaaad. 


Introduction 

Conaclouar.aaa o( the axtenalva dlKarancea In 
(an nolaa between operation under (light condltlona 
and under ground atatlc condltlona haa bacoar wlde- 
apread, and tha phanoaanon haa baan undar atudy (or 
aavaral yeara. The nolaa lavela r( the blade paa- 
aage tone are rbaerved to decreaaa whan the (an la 
operated at (light condltlona; tha lavela o( cut-on 
tonaa have alao been obaarved to becona Bure ateady 
In flight. Ralarancea auch aa 1. 2, and othera 
have detailed thaaa adacta. In trying to alnulata 
(light behavior o( (an nolaa during ground teatlng, 
tha approach haa bean to teat at ground atatlc con- 
dltlona with added acraena or honaycoBb (low 
atraightenera upatraaa o( the (an Inlet Thaaa in- 
let flow control davlcaa have been obaarved to re- 
duce the level o( ln-(low turbulence and (an tonaa. 

Teatlng that covara tha affect of a honeycomb/ 
acraen ahead of a fan, and olao tha affect of tun- 
nel (low In alBulatlng forward flight operation waa 
parforaed at NASA* a Lawla Reaaarch Canter and the 
reaulta oraaented at the AIAA 4tb Aaroacouatlc Con- 
ference.' Subatantlal reduction of the Inlet fun- 
dancntal (an tone waa achieved with tunnel (low. 

A leaaer reduction of the tone level was achieved 
with tha alaple addition of a honeycomb/acrecn de- 
vlca during atatlc teatlng In the aamc facility.^ 
The preaent papar analyzea theae reaulta In nore 
detail. 

In particular, attention la paid to measures 
of the variability of the fan tona noise with t'ma. 
Tha actual level of the blade passage frequency 
, tona la recognized to vary significantly with tlma 
by aaounta ranging well over 10 dB. The unsteadi- 
ness of theae tones can be appreciated by studying 
tlaa histories of the mean square level as record- 
ed by an x-y plotter. The measured time variations 
aeca to be a strong function of the testing envl- 
ronotent, as evldencad by Che fact that flight test 
results do not exhibit this same unsteadiness. In 
fact, cut-on fan tones during flight testing have 
been observed to be very steady In amplitude,- 
presumably reflecting only the effect of the rotor/ 
stator Interaction. Various degrees of tone 


steadiness have been observed under various test 
crndltlona. By the use of a quantitative neasure 
r.f tone steadiness useful Inforaatlon concerning 
the relative me steadiness associated with vari- 
ous fan test jndltlons has baen obtained. 

The results which ara presentad cover four 
test conditions. These four tea*- conditions were 
the following! (1) the typical static condition: 
(2) opeiatlon of the fan with a honeycoBb/acreen 
flow control device surrounding the Inlet; (3) op- 
eration with tunnsl flow; and (4) operation with 
tunnel flow and a cylindrical probe located about 
40 probe dlanetera upstream. Thaaa four conditions 
were chosen to correspond to, respectively, (1) 
noraal ground static fan operation; (2) an approach 
to flight simulation without forward valoclty; (3) 
simulated flight operation; and (4) simulated 
(light with an Inlet distortion. 


Facility and Teat Hardware 

Tha facility la excanslvaly described In ref- 
erences 3 and 6. The 9x13 test section la located 
In the low speed section of one of NASA -Lewis' 
supersonic wind tunnels. Figure 1 la >. sketch of 
the facility showing the test section In relation 
to ocher features of Che tunnel facll'ty. This 
facility, as described In reference 7, permits the 
simulation of forward flight. The etfect of this 
slBulatlon la that with a flow of 41 b/ssc, the 
Cast fan's cut-off fundamental blade passage fre- 
quency cone was affectively reduced to Che level of 
the surrounding broadband spectrum levels. 

The test fan wa, a 30.8-cm diameter, 1.2- 
preaaure ratio, alngla stage fan with 13 blades and 
23 vanes. Flgu’-s 2 presents tha front view of the 
fan In Its test position. Figure 3 Is a sketch of 
the (an Inlet 1 oneycomb/screen Inlet flow control 
device, showing the details of its construction. 
Also shown la the location nf a probe, which when 
extended Into the fan Inlet duct, produced a flow 
disturbance which contributes to cone noise at Che 
blade passage frequency. T*ie Inlet flow control 
device was Intended to smooth the Inflow to ap- 
proach Che conditions which might be expected with 
forward velocity In the wind tunnel or In flight. 
Figure 4 la a photograph showing the Inflow con- 
trol device. 

The noise or sound pressure from the fan was 
maasured at locations bott Internal and external 
to the fan nacelle. Outside the (an, at 60** from 
the Inlet axis, a 0.64-c'j cond.-nscr mlcrophons 
located at 1.83 m sway .rom the fan monitored the 
outside level. In addition, several fan wall 
swur.ted pressure transducers were used to measure 
the noise upatreaa and downstream of Che f*” 

These transducers were 0.2 cm diameter strain gaga 
type dynamic sensors. One Inlet pressure trans- 
ducer and aft pressure transducer will be used to 
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r«pr«s» it •••■urcMnt* of fo>>a>w and aft aound 
praict'ta. 


Tail Condltlona 

Tha taaulta froa a total of four t«at condt- 
tfona will ba raportad. At aach Inflow .'ondition, 
tba fan waa ‘tparatad along a alngla oparatlng lino 
at 60, > 0 , 46, ItO, and 115 parcant of tha 8020 rpa 
'iaalgn apaad. Tha tirat condition waa that of tha 
atandard ground atatlc Inflow with a claan unob- 
atructad Inlat, Thla claan Inlat, • 0 eondl> 
tlcn dupllcataa tha typical way of taatlng fana on 
tha ground, with tha airflow being drawn nearly 
apharlcally froa tha ataoaphera and accelerated 
through greatly contracting atreaa tubea Into tha 
tnlat, 

Tha aecond condition uaad tha aft blocked Iti- 
lat flow control davlca In an attanpt to alaulata 
flight fan nolaa generation without tunnal flow, 

Tha outalda honeycoab waa choaen to reduce tha 
tranavaraa coaponant of tha Incoalni air turbulence 
and tha backing acreen w.ra choaen ao aa to diaal* 
pata turbulonca created by tha honaycoab Itaalf. 

The third condition la that of tha flight 
• alaulatlon by oparatlng tha fan with tunnal flow. 
Thla clean inlat, with • 41 a/aec tunnel flow 
haa bean obaarvad to produce fan nolaa characterla- 
tlca alallar to thoae Beaaurcd In flight.' The ap- 
parent cut-off of tha Inlet tone due to rotor/ 
atator Interactlcn la In accordance with tha Tyler- 
Solrlr* theory predicting nonpropagation for thla 
fan'a fundaoental tone at apeeda laaa than dcalgn, 
given the particular nuabera of rotor and atator 
bladea uaad hara. Tha aacond haroonlc waa cut-on 
at all apeeda at which tha fan waa teatad. 

Tha fourth condition uaed a 0.64-ca dlaaetar 
probe Inaertad Into the alratreaa to produce a 
flow dlaturbance which generated nolac at the blade 
paaaaga frequency. With tha rod Inaertad, the tun- 
nel waa operated at V. ■ 41 a/aac to rcaove the 
randoa eatarnal turbulence and inflow dlaturbancoa 
aaaoclatad with atatlc fan operation. 


Pruce a alng 

Definition of Tone Steadlneaa 


The aeaeure of tone ataadlneaa applied in thla 
paper la derived froa tha probability denalty func- 
tion aa aaaaured In a narrow band of frequcnclea 
around the tone. The probability denalty function, 
or PDF, la the probability dlatrlbutlon of algnal 
aaplltudea aa a function of amplitude. Any taro 
aean algnal. In thla context the neaaured cone 
ao nd preaaure, rangea In level over a apan of 
negative to positive levels. The shape of the PDF 
deacrlblng the probability of finding the cone an- 
plltuda in any actall amplitude range can be Inter- 
preted In tama of the relative aiiiounta of steady 
sinusoidal and unsteady random signal components 
present. 


; Cut-on fan tonas have been observed to be 
. steady In flight measurements*' and generally un- 
steady In ground static testing. To enable Che 
application of the probability density function; 
a steady tune amplitude can be considered to be 


modeled by a aln' wave. Conversely, a tone that is 
unsteady, by coe.arlson, has a level that varies 
randomly with time and tha amplitudes are aaaived 
to be distributed In a Uauaslan way with tha fasUl- 
lar normal probability function. A tone that la a 
combination. Chat la, partially steady and partially 
unsteady, has a PDF that shares, by superposition, 
the characteristics of both the steady periodic 
tone and unsteady random noise. 

Figure 5 shows soma actual waveforms and their 
associated PDF's. A steadv, sinusoidal tons (fig. 
5(c)) haa the PDF of figure 5/d). The random wave- 
form such aa figure 5(a) has Its corresponding PDF 
represented by figure 5(f). Tha typical noise gen- 
erated at sosM particular blade passage frequency, 
will share these cha. acterlstlcs and can be consid- 
ered aa having a sinusoidal and a random component. 
The ratio of tha moan square value of the sinusoi- 
dal, (o,), to random, (o^) , components, called a 
staadlnass r.utc R can be determined from the 
shape of tht '' by defining 4 quantity called the 
probability tty ratio or PDR. The PDR la de- 
fined as thi tlo of the peak PDF value to tha 

value at tat. -amplitude. This approach was used by 
Pleraol if itictence 9. Rlce^^ expresses thla 
joint probwMllty density function of sinusoidal 
and random coaq>on4'nts as 

/* ^-C-w/2 0 , cos e)2/»o„ 

*0 

In which I Is the total level. The relationship 
between R and PDR la displayed in figure 6. The 
PDF defined above has a maximum at other chan lero 
amplitude only for values of R greater than about 
1.8. Therefore, R values less than about 1.8 are 
IndetersUnate with the PDR technique. 


PDF - 


PDF Determination 


The probability density functions were ob- 
tained by using a special purpose digital computer 
to process the press'.:rr data after first Isolating 
the tones with a nat >nd filter. In the process, 
tha signal was first tired to a fine resolution, 

and then the number isca that each small range 
of levels was detaett . •as plotted as a functio.i 
of level. The data were supplied from F?l recorded 
magnetic tapes. The filters Chat were uaed to Iso- 
late the tones were 10 Hr and 50 Hr wide. Recauae 
of variations In fan speed and tape recorder speed, 
a frequency cracking option on the filter unit was 
also used ao that changes In speed would not take 
the fan tone frequency outside the filter band. 
Because of limitations In the rate at which the 
tracking filter would relocate the band to follow 
the tone frequency. It waa necessary to Increase 
the 10 Hr bandwidth used for PDF measurements of 
the blade passage frequency to a 50 Hs bandwidth 
for PDF measurements of the second harmonic. 

In generating the probability function, some 
precautions ace In order. These are. In general, 
concerns with respect to bandwidth and averaging 
time appropriate In procasslng any random data. 

The desirable goals of fine frequency resolution 
and high confidence In Che repeatability of the 
measurement oust be traded off. The standard 
deviation of the oeasureoent Is proportional to 
1 /\/bT In which B Is the bandwidth of Che 
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data (Ha) atid T it tha !tn|th of the data record 
(tec). A taall fresueney bandwidth Buat ba uaad in 
laolttlng the (an frequency tona under eonaldaratlon 
to that at little broadbanl randoa nolta at poaalble 
la perBltted to dilute the effect of the (an tona 
nolta. which wat the quantity of intareat In thla 
ttudy. However, a aufflclent aaount of tine (T) 

■uat be allowed (or tha PDF to becona conalatant. 
Thla tlna la United by the original (an teat re- 
qulreaanta. Foi a given atandard deviation or con- 
fidence level, the nlnlnun (liter bandwidth la de- 
tcmlned by the length of t^o nagnatlc tape record. 

If a filter la choaen for the PDF deternlnat loo 
of a tone, and the (liter la too narrow for tha 
available averaging tlna. the reaultlng PDF will 
alwaya reaasbla that of a alne wave, with an un- 
repeatable PDR. A uaeful experlnental check to In- 
aure tliat tha (liter width waa large enough for tha 
available tine waa to conputa tha PDF (or white 
nolae and verify that the reaultlng PDF waa Cauaa- 
lan. Tha filtera choaen for thla atudy had band- 
widths at laaat 250 tinea tha Inverse of tha record 
tine. 

When the (an tona level la not nuch greater 
than the broadband levsl at nearby frequencies, the 
detemlnatlon of a ratio of steady to unsteady tona 
components la difficult. For sons of the data 
polnta reported this oa*' have been a prohlam since 
theie was Insufficient processing tins to permit 
use of finer resolution filtering. Of course. 11 a 
tone was reduced to the background level, a sine 
wave PDF would never ba obtained. 


Hasults and Discussion 

The test fan was operated at several speeds 
with the four inflow conditions. In the following 
presentation, the Individual spectra (6 Hr resolu- 
tion) and PDF curves (or a single speed will be 
discussed In detail, and then tha stradiness ratios 
(R'a) for the various conditions will be compared. 

Figures 7 to 10 present the (a) 60*’ far field 
microphone spectra and (b) blade passaga and (c) 
second harmonic tone probability density functions 
at 96 percent fan speed for the four Inflow condi- 
tions of static. Inlet (low control device, full 
tunnel flow and Inlet disturbance rod. Figures 11 
to 14 picscnt similar results for an Inlet wall- 
mounted pressure transducer and figures IS to 18 
present similar results for an aft wall-mounted 
pressure transducer. For this fan. 96 percent 
speed Is below the spaed at which the blade passage 
frequency cone due to rotor/stator Interaction 
propagates. Other tone noise sources at this fre- 
quency may ba present at any spevd. 

On examination of figure 7(a) which shows the 
clean inlet, static flow data for tha far field 
microphone, one can see the promlnant BPF and 2 BPF 
tones In the spectrum. The PDF's for these two 
tones show an approxlSMtely equal steady and random 
signal cwntant (or the BPF (fig. 7(b)), and a some- 
what more steady 2 BPF as Indicated by the PDF of 
figure 7(c). The average of the two peak PDF val- 
ues was used along with the previously discussed 
PDR evaluation technique to Jcik'mlne tha R val- 
ues siarked on Che individual PDF figures, end tabu- 
lated In Table I. The aft-blocked honeycosil, /screen 
Inflow control device, with no tunnel flow exhibits 


a somewhat reduced BPF. The accompanying PDF's of 
figures B(b) and (c) show chat the reduced inflow 
distortion has mads tha BPF tone more steady, an.l 
even the 2 BPF tone has baroma steadier. Reference 
to Table I which lists tha particular values of 
steadiness ratio Indicates that tha BPF tone Is 
nearly an order of magnitude mors stssdy and that 
the 2 BPF tone Is about threa times steadier than 
(or the clean Inlet condition. When the tunnel 
(low la used to simulate (light, tha sound pressure 
level spectrum In figure 9(a) shows the almost com- 
plete reduction of the !PF tona. Its exact PDR 
value la questionable because of the relatively 
small difference In level between the tons and the 
broadband (fig. 9(a)), but Che tona appears rsndom. 
In tha speed tangs where tha fundamental rotor/ 
stator intaracclon tons was cutoff, reference 2 
showed PDF's for the rwsHual tons in (light which 
were either rsiuiom nr somewhat steady depending on 
the proximity of the Cone to the broadband level. 

The second harmonic has becosM extremely steady 
(fig. 9(c)), as measursd by the steadiness ratio of 
164. Tha results when tha Inlet rod waa Inserted 
In conjunction with tunnel flow show that again a 
blada passage frequency tone Is genarated along 
with the 2 BPF tona (fig. 10(a)), but that, as 
might be expected with a spatially fixed distortion, 
the tones are very steady (figs. 10(b) and (c)). 

From the PDF's, steadiness ratios of 50 to 60 are 
Indicated. 

The effects of the different flow conditions 
on the fan tones as sensed by the Inlet transducer 
are generally similar to those ol the previously 
discussed external microphone. However, the tones 
were generally less steady In the Inlet than they 
were in the external acoustic field, perhaps be- 
cause of boundary layer turbulence. Spectra for 
the four Inflow conditions (figs. 11(a) to 14(a)) 
are very similar to tha corresponding spectra for 
tha microphone. However, for the first static 
condition, the amplitude distributions (figs. 11(b) 
and (c)) of the two tones appear Mstly random; and 
with Inflow control, only the second harmonic (fig. 
12(c)) has been made steady. With tunnel flow and 
the clean Inlet, the upstream transducer senses an 
extremely steady 2 BPF tone (fig. 13(c)) and a BPF 
tone which, as before, has s questionable PDR. In- 
serting the distortion rod (fig. 14) Into the Inlet 
produced a ratio of 5 to 7 at 96 percent speed. 

To complete the presentation at 96 percent 
speed, the results from the <*ownstream wall-sx>unted 
transducer are shown In figures 15 to 18. For the 
clean Inlet, static condition, the fan tones were 
observed to be unsteady. These aft transducer fan 
tones have an unsteadiness (figs. 15(b) and (c)) 
resembling that of the Inlet transducer (figs. 

11(b) and (c)). The general shape of these PDF's 
appear to Indicate a random tone, but do not have 
Che sloping sides of the previously presented 
Gsusslan noise plus sinusoidal distributions. Ref- 
erence 9 describes a PDF similar to these as being 
produced by a sine wave whose level Is a function 
of a constant term and some Gaussian noise. In 
other words, the clean Inlet. V_ • 0 tones seem to 
be better modeled by a periodic wave at least par- 
tially modulated by Gaussian noise (figs. 11(a) and 
15(a)), than by s summation of periodic wave and 
Gaussian noise. The spectra also seem to support 
this modulation concept for the clean inlet, V. • 0 
tonce as evidenced by the width of the tones. With 
the addition of Inflow control, the BPF tone became 
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•t«ady, whll* Cha atcond hanaonlc raaalntd un- 
ataady. With tunnal (low and claan Inlat, contrary 
to what waa obaarvod with tha Inlat and front quad- 
rant nolaa aaaauraaanta, tha BPF tona waa datar- 
■tnad to ba ataady (ft(. 17(b))> and tha aacond 
haraontc (fig< 17(c)) unataady. With a rod In 
Placa to craata an Inlat dlaturbanca, both fan 
tonaa (fig. 18) wara ralatlvaly ataady. 

Tabla 1 praaanta tha ataadlnaaa ratloa datar- 
klnad (or tha othar fan apaada. Aa can ba aaan, 
thara ara aoaa larga varlatlona frea apaad to 
apaad. That thara ara varlatlona In ataadlnaaa 
(roa apaad to apaad say parhapa hava baan axpactad 
aa tha taatlng waa parforaad ovar a parlod of aav- 
aral waaka with posalbla varlatlona In tunnal aat- 
up and ataoapharlc condltlona (roa ona taat point 
to anothar. 

An averaga ataadlnaaa ratio waa calculatad for 
aa:h tona and oparatlng condition. Bacauaa of tha 
occaalonal larga varlatlona of ataadlnaaa ratio dua 
to the nonllnaar PDR to ataadlnaaa ratio (R) con- 
veralon curve (fig. 6), tha PDR'a for each value 
were averaged, and than the average converted to 
R. The FOR for PDF'a having l maxlaua only at rero 
aaplltuda ware arbitrarily aet equal to 0, and tl.a 
final average R rounded off to tha neareat Inte- 
ger. Thaaa raaulta ara prcaentad In Tabla II. 

Certain broad conclualona can be drawn froa 
Table II by coaparlng one Inflow crndltlon to an- 
other. Plrati the itandard atatlc operation glvaa 
rlae to the Boat unataady fan tonaa. Second, ap- 
plying Inflow control to tha (an can aaka the tonaa 
ateadler by about an order of aagnltude. particu- 
larly aa detcrmlnad outalde the fan. The realdual 
tone In Cha cut-off region of fan apeed aay becoae 
ateadler bacauaa of aoaa apatlally steady Inflow 
dlatortlona Introduced by Che Inflow control device. 
Converaely. tha cut-on frequency tona bacoaea 
ateadler because of the reaoval of randoo turbu- 
lence. With tunnal flow the aceadlneas of the sec- 
ond harmonic tone, at leant In tha front, can ba 
Incrcaaed aubatantlally over the values determined 
by adding Inflow control to Che atatlc operation. 
Finally, with tha flow dlaturbanca created by tha 
Inlet rod. the 2 BPF tonea that are prod iced taka 
on ateadlnesa values (figs. 19 to 21) nuaicrlcally 
similar to those of the clean Inlet with tunnel 
(low. That the 2 BPF cone la approximately equally 
steady with and without the rod Implies that tha 
rod's sddltlonal contribution as a ateady source at 
that frequency la hbaII. In attempting to explain 
why tha tones are so much aore steady outside the 
duct, a poaslbla explanation Is that boundary layer 
disturbances or pseudosound are sensed by tha wall 
transducera. 

In evaluating methods of fan forward flight 
slaulaclon. It would appear that ateadlnass of a 
cut-on fan tone (such as the fan second harmonic 
lo this study) Is an Indicator of low Inlet turbu- 
lence. However, when a tone dua to rotor/stator 
Interaction Is cut-off. any realdual cone observed 
Is dua to a generation mechanism ocher Chan rotor/ 
stator Interaction, and could be steady or unsteady 
depending on the character of the tone producing 
flow disturbance. Thus the Increase in the steadi- 
ness of the cut-on second harmonic achieved with 
Che use of the honeycomb/screen Inflow control de- 
vice Indicates that its purpose of reducing the 
random turbulence to flight levels was partially 


achieved. On the othar hand, the Increase In tha 
steadiness ratio of tha BPF tona in tha cut-off 
raglaa might Indicate Chat tha inflow control de- 
vice Introduced spatially steady Inflow dlatortlona. 
Theaa dlatortlona generated the tone In a manner 
analogoua to the affect of the inlet rod with tun- 
na! flow. For tha clean Inlet, tunnel flow case. 

Che high levela of second harmonic s'eadlnasa lib 
at the extarnal microphone and 26 in the Inlet) are 
Indicators of thw degree of Inlet flow conditioning 
required to produce nearly complete cut-off of tha 
forward radiated fundamental tona. 


Bwary of Results 

The technique of amplitude probability density 
was used to evaluate tha ateadlnass of fan noise 
tones that were generated under a variety of fan 
Inflow conditions. Tha staad'nass ratio la tha 
ratio at a given tona frequency of the rean square 
slnuaoldal-to-randoa components that can ba thought 
of as constituting tha tona. For tha condition of 
standard static operation with a clean inlet. Che 
fan cones were found to ba only slightly steady. 
Adding a honaycomb/screan Inlet flov control device 
caused the blade parsaga frequency and second har- 
monic tones CO bacone approxtsiately an order of 
magnitude more steady. With operation of the fan 
In a claan Inlet configuration with a wind tunnel 
airflow of A1 m/sec. tha etc-on. second harmonic 
Cones becosM about two o.dars of magnitude more 
steady than was cha case for the static condition. 

A fourth condition of tunnal air flow with an Inlet 
distortion rod also produced very steady tones. 
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Speed 
(percent 
of daalgn) 

Tranaducar 

60 

60** Mika 
Inlat preaaura 
Aft praaaure 

so • 

60" Mika 
Inlet praaaure 

96 

60" Mike 
Inlet preaaura 
Aft praaaure 

110 

60" Mika 
Inlat praaaurc 
Aft preaaura 

119 

60" Mika 
Inlet preaaura 
Aft praaaurc 


TABLE 1. - STEADINESS RATIOS 

(R la aoatly randoa; no data axlata for daahad antrlaa.] 


Condition and tona 


BPF 2 BPF 


Infloa 

V. 

r control 
. • 0 

BPF 

2 BPF 

240 

11 

123 

R 


BPF 2 BPF 


Inlat rod 

V, ■ 

1 ai/aac 

BPF 

2 BPF 

3 

73 

4 

16 




Txansducar 


TABLE II. - AVFJIACE 3TE/J)INESS RATIOS 


Condition and tone 


60** Hlka 
Inlat praaaurc 
Aft praaaurc 



Clean Inlet 
Vm ■ 41 m/acc 

BPF 

2 BPF 

•r 

36 

•r 

26 

3 

<1.8 


Inlet rod 



'Theae two valuea are quaatlonable 
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Figure 1. • TTie NASA-Lewis 8- by 6-foot and 9- by 15-fjot wind tunnels. 
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Figure 2 . - Upstream view of simulator in anerhoic tunnel. 
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FRONTAL VIEW - SECTIONED CONSTRUCTION 


Figure 3. - Inlet flow control device. 
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Figure iS. - Specirum and probability density functions for the aft trans- 
ducer at the inlet rod, Vaj, ■ 41 m/sec condition. 
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